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L.0 SUMMARY 

Fhis report  is a summary of t he  reaul t s  of a study devated t o  the developent  sf 

3 quant i ta t ive  inethod of comparing advanced o p c e  missions f o r  t h e  1970 t o  1990 
t ine period. 

r e l i ab i l i t y ,  schedule and system performance were investigated.  

Five advanced missions were considered and t h e  relat ionships  of c a s t ,  

Phhe d s s i o n s  considered were: 

1. 

2. Manned Lunar Base 0 

3 .  
4. 
5. 

Unmanned Fly-by with Entry Probe t o  Jup i t e r  

Earth Orbiting Manned Space Stat ion 

Planned Mars h n d i n g  and Return 

Unmanned Sample Return from Venus. 

llthough Mlssion One - Jup i t e r  Probe i s  used t o  i l lwtmte  the methods develo-d, 

j-ry results f o r  t he  other missions are included. These results include iden- 

t i f i c a t i o n  of long lead time development items, system descr ipt ion and performance 

required, and a sunrmary of the raisaion evaluation criteria.  

In general, a system perf‘omnce index has been developed f o r  s e l ec t ing  t h e  bast 
system candidate within a p;trticular mission; t h i s  system performance index is  

3 space oriented cost  effectiveness.  

3as been developed, and applied t o  f i v e  advanced space nissions. This Mission 
Wlua t ion  Criterim is a deciaion making t o o l  t o  choose among space missions; it 
Is useful i n  explcwatory and screening mission s tudies  as w e l l  as i n  evaluatini: 

nissians whme technical  f e a a i b i l i t y  and c m t  have already been establ ished by 

; tudies in great  depth. 

I n  addition, a Mission Evaluation Cr i te r ion  
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2sO INTROIXJCTION 
As t he  progress of the  nat ional  space program accelerates  there  is an ever growing 1 
l i s t  of technical ly  p08sible future space missions t o  examine. 
criteria t o  be used by decision makers i n  se lec t ing  the next manned and unmanned 

space miss ions?  

I n  other  words, the purpcse of t h i s  study is t o  develop D quant i ta t ive  method of 

comparing advanced space missions f o r  the  1970 - 1990 time period. 
missions will be considered i n  the developzxnt of t h e  method; and the  relat ionships  

of c m t ,  r e l i a b i l i t y ,  schedule, and system performance w i l l  be investigated and 

What are t h e  
I 

This study is devoted t o  answering t h i s  key question. 

Five advanced 

6 horn 

The scope of this undertaking is quite anbftious - involving bo th  tangible technica: 

snalysis and intangible  value judgments. 

Jill be developed i n  such a way as t o  a l l o w  the  value j-ents t o  be made by 

JPL/NASA; thus the  bias  of ind iv iduah  and the  contractor will be eliminated. 

In addition, a system p e r f o m n c e  index w i l l  be developed f o r  caxparing syatem 

=andidate6 f o r  a mrtlcular mission; and a mission evaluation c r i t e r ion  is developec 

For cmparLng missions. 

Chis study is perforined i n  support of Jet Propulsion Iaboratory and i n  accordance 

The method of ccmsr ing  space missions 

a i th  the  teras and conditions of JPL Contract No. 950579. 

a 

. 

p - 
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3.0 MfsSIOV OaTEcTNES - GEXERAL - 
order t o  develop t h e  method five advanced space missions were considered. 

bese mtssions and t h e i r  appropriate premises are tabulated below: 

?remises f o r  Mission One - Jupi ter  Probe 
Time Period f o r  Mission Accomplishment - 1970 t o  195. 
Mission Duration - Two t o  f o u r  years. 

Unmanned 
Misoion Objectivefi - Par t ic le  and f ie ld  measurements; pictures a t  c loses t  

approach; en t ry  c~psule  t o  measure primary atmospheric variables, mininun 
atmospheric composition and ectablish an unmanned s k i t i o n .  

?JWXLEI~S f o r  Mission Two - Manned Lunar Ease 
Time Period f o r  Mission Accoqlishment - 1972 t o  1980. 
Mission Duration - One Year. 

Crew number f o r  resuppljr vehicles - 3 minimum. 
%ssene;er nunber for resupply vehicles - as required. 

Mssfon ObJectivea -Es t ab l i sh  a lunar base and gc3SPom the l o g i s t i c s  

resupply Inhaion with prirnary emphasis on the logistics resupply 

capabi l i ty .  

servation of earth, a s t r o n o q  mapping and s imi l a r  operations. 

?Fne base i s  manned t o  perform lunar exploration, ob- 

'remises f o r  Mission Three - Ear th  Orbiting Manned Space Stat ion 

T h e  Period f o r  Mission Accomplishment - 1970 t o  19n. 
Mission Duration - 1 Year. 
Crew Number - 6 to 30 men. 

Mission Objectives - Establish law earth orb i t ing  space station with 
resupply capabi l i ty ,  The station would be used as an o r b i t a l  research h b o -  

=tory f o r  experiments and observations or support f o r  orbital assembly 
and launch of lunar and fnterpbnetary vehicles. 
placed on a s t a t i o n  f o r  assembly, check-out and Launch of interplanetary 

vehicles. 

FYimary emphasis w i l l  be 

bemises f o r  Kission Four - Manned Mars Iandinf: and Return 
Time Period f2r Mission Accnmplishment - 19'17 t o  2000. 

Mission Duration - Ug t o  two yearn. 
Crew Number - G t a  12. 

L 
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Mission Objectives - b n e t a r y  obsenrationc, two week s t ay  time, 
l imited explaration and re tu rn  of samples not t o  exceed 50 (earth) 

pounds. 

Eremises f o r  Mission Five - Unmanned Sanple Return from Venus 

Time Period f o r  Missim Acccnnplishment - 1970 t o  1980. 
Mis~ ion  Duration - One t o  two years. 
Mi~sion Qbjectives - Entry  and soft landing on the  surface of the 

planet and return of a minimum of one (ear th)  goimd of material fram 
the planet t o  earth.  

!he r e a o n  f o r  select ing these minsions a re :  

1. 

2 .  

both manned and unmanned missione are considered; 

these missions a r e  reasonably representative samples f o r  the development 
of a method of comparing missions vhere the  r e l a t imsh ips  of cost, 

r e l i a b i l i t y  and system ,perf'orinance index are considered. 

. 

_ _  
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4.0 srum m o c m  
I 

In order t o  show the  stuiiy procedure and the relst ionEhip of various technical  j 

activit ies,  Figure 1 is  presented. I 
The procedure begins with Itex@, Missions Definit ion and i s  cmple ted  with I t 4  

Mission Evaluation. Iten@ Operational Modes, includes t r a j ec to ry  se lec t ion  and 

determination of t he  ve loc i t ies  required fcJr various m i s ~ i o n  Frofi les ,  t r i p  times 

and launch dates. 

Itemais the  synthesis of system candidates on the  basis of available subsystem 

technology. For exawle, fast nuclear reactors  might be considered after 1975, 
and s imi la r ly  la rge  launch vehicles u t i l i z i n g  clustered s o l i d  rockets might be 

considered af ter  1966. 

Concurrent consideration of Item@, Operations Analysis and Iten@ Vehicle Des iE;n 

and Analysis w i l l  lead t o  ItemQ the Definltion of System Candidates that are 

feas ib le  f r g m  the standpoint of f l i g h t  performalice and other technical  consideratior 

I t c m a  is the  evaluation of feas ib le  system candidates that have been deffned and 

described i n  I t e n a  

Moreover, i n  I t e m a  the system performance index is used t o  select t h e  best system 

candidate within any  one mission. 

eva lwt ion  c r i t e r ion ;  it is  defined and explained i n  greater  detai l  i n  Section 5.6. 
In addition, under I t e m a  the programming var ia t ions  shoim relate t o  number of 

hunches, launch date, t r i p  time, and type of development schedule; fu r the r  details 

sre given i n  Section 5.6.4. 

In Item@, Micsion EmPa t ion ,  a Miscim evaluation c r i t e r i o n  is considered as 
Je l l  as the iiitangible value judgment& required t o  show the  relative value of  each 

niss ion. ,  These JuBgepcpnt6 w i l l  be performed a t  t h e  policy l e v e l  a t  JPL/mASA and 
not by t he  cont rac tw.  

S y s t e m  F e r f o m n c e  Index represent value judgments that w i l l  be Brovided by 

Thuc, System Performance Index i s  a system 

Similarly, t he  incremental mission re turn  f ac to r s  f o r  t he  

Jpt/NASA. 
0 

.- I .. . 
ii . 
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5.0 *rnSIrn  rn - JUPI!rER PROBE 
order t o  i l l u s t r a t e  the nethods developed, NlEsion One - Jupi te r  Probe w i l l  be 

discussed,in d e t a i l  now, and sumnaary results f o r  the other missions w i l l  be sham 

i n  Section 6.0. 

5.1 Ope ra t iona l  Modes 
I n  general an operational mode describes the  f l i g h t  path, c m u n i c a t i o n a  links, 

and a l l  techniques f o r  f l i g h t  and surface operations that are required t o  
accomplish the science and engineering objectives of a mission, I n  this study 

the select ion of operational modes i s  l imited t o  reasonable projection6 of the  

current technology t o  the time period f o r  mission accmpllshment. 

The operational modes that were i n i t i a l l y  selected f o r  coneideration are summarize 

on page 8 and i l l u s t r a t e d  i n  the appendix, 

Operational Mode 3a (Figure 2 )  wa6 selected t o  demonstrate the evalua t ion  tech- 

niques being developed i n  t h i s  study. 
craft t o  penetrate transjovian space and t o  explore the atnosphere of the  planet 

and the  adjacent region. 

v i c i n i t y  of' Jup i te r  will be telemetered d i r e c t l y  t o  a t e r r e s t r i a l  s ta t ion .  On 

ar r iv ing  a t  the t a rge t  planet the orbi ter /entry capsule i s  released f o r  planet 

capture; subsequently the measurements are made by instruments aboard both the  

main spacecraft and the capeule. Data col lected by the capsule is  telemetered 

t o  the main spacecraft from which it i s  then transmitted earthward. Capsule-to- 
spacecraft  and spacecraft-to-earth data transmission w i l l  not be possible a t  all 
times; therefore, data storage capabi l i ty  must be provided on board both  vehicles. 

e 

This mode e n t a i l s  the launching of a space- 

Eata from s c i e n t i f i c  lneasuremento made enroute t3 the 

Estimated v e l m i t y  requirement& far  Lhi.ee diffe~nt-inte~~8apetary t r i p  times f o r  

the Jupiter Probe mission Ekaluations of t h e  mission were 

mde f o r  a l l  three t r i p  times shown. The veloci ty  requirements were estimated by 
means of References 4, 6 and a graphical method developed i n  support of t h i s  

dtudy. 

repor t  

a r e  shown i n  Table X, 

Details of the graphical technique a r e  presented i n  the appendix of t h i s  

1 
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.1 Operational Modes 

Flyby - Spacecraft is launched i n t o  ear th  orb i t ,  fram which it i s  in jec ted  
on an interplanetary t ra jec tory  which penetrates the near v i c i n i t y  of Jupi te r .  
(Figures 1 and 7). 

Main Spacecraft i n  Capture Orbit - S p x e c r a f t  it3 launched i n t o  earth orb i t ,  
from which it is injected on a t r a n s l f ~ v i a n  t ra jec tory .  Retrograde veloci ty  
adjustnents applied near the per i jsve of t he  t ra jec tory  establishes the 
spacecraft  i n  an e l l i p t i c a l  o rb i t  around the  planet. ( Figures 2 and 7). 

Flyby with Orbiter Capsule. Release - Spacecraft i s  hunched i n t o  e a r t h  o r b i t  
and injected on flyby tra3ectory. Near the  perijove of the  hyperbolic flyby 
t ra jec tory  an instrumnted capsule is released from the main spacecraft .  
grade veloci ty  adJustment6 enable t he  capsule t:, t r ans fe r  to an e l l i p t i c a l  
capture orbi t .  Main spacecraft la ter  provides a cmmnica t ions  l i n k  between 
the orb i t ing  capsule and terrestrial  s ta t ions .  (Figures 3 and 7). 

Retrc  

3. Flyby with Orbiter/Reentry Capsule Release - 
t h a t  the a l t i t u d e  of t h e  orb i t ing  capsule is dlninished per iodical ly  
by t r ans fe r  t o  smaller orbi ts .  
toward the planet, eventually entering t h e  Jovia'n atmosphere. 
(Fipres  3 and 7). 

Same as (3) above except 

The capsule opir8ls  incrementally 

FWoy with Orbiter Capsule Release and with Auxiliary Cornmications 
Spacecraft - 
is launched on an interplanetary t r a j e c t x y  t o  provide an addi t iona l  
comuunication l i n k  between the earth-returning main c p c e c r a f t  and terrestr ia l  
monitoring s ta t ions .  

Same as (3) above except that a c m m n i m t i o n s  r e l a y  spacecraft 

(Figures 4 and 7). 

Flyby w i t h  Orbiter Capsule Release and with Earth Orbiting Comunig t ions  
Relay - 
used as a cmmunication link between the  earth-returning main spacecraft  
and t e r r e s t r i a l  monitoring s ta t ions.  

Sane as ( 3 )  above except that an ea r th  orbi t ing space s t a t i o n  i s  

(Figures 5 and 7). 

Earth Orbital AssenSly/Flj.by with Orbiter Chptule Rekase  - Same as (3) 
above except tb-t earth orb i t  assenbly techniques are employed t o  enable 
buildup of la rge  chemical p r o y l b n t  spacecraft. (Figures 6 and 7). 



. 

. .  - . .  
, I  

. .  . .  

L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO. - 
PAGE NO -9 

0 

M 
I 
a 

E;- 

. 

FORM 4070 



8 : .  
t 

L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO. - L g  /7s529 
/ O  PAGE NO. - 

s 



L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

17358 
REVISIONS REPORT NO. 

ll PAGE NO 

5.2 System Candidates 

For each operational mode described previously, one o r  more system candidates 

were spec i f ied  f o r  preliminary consideration. 

i n  these candidates are shown i n  Table 
fu r the r  de ta i led  study was, S - 5 ,  as s h m  by t h e  combination o f  subsystems cu t l ined  

The va r ious  subsystems considered 
2. The system candidate considered fo r  

i n  Table 2 by heavy rectangles. 

. 

--- - 
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5.3  Operations A n a l y a l s  

The evaluation of selected operational mode/system candidate cambinations by which 

a mission is implemented e n t a i l s  the assignment of value, hereaf te r  called in- 

cremental mission return,  t o  the  f'unctional objectives of the mission. This 
was done by first ident i fying a l l  possible objectives of t he  mission which, i f  

successfully accomplished, provide incremental mission re turn  i n  the sense that a 

@ 

contribution i 6  made t o  the  n a t i o n ' s  space f l i g h t  program. 

a r e  not l iu i ted  t o  those which can  be accomplished by spec i f ic  operational mode/ 
system candidate combinations; the l i s t  m y  include a3jectives which cannot be 

accomplished by any of the  cambinations. 

These mission objectives 

Having iden t i f i ed  the  sources of value within a miosion, each is assigned an in-  

cremental mission re turn  fac tor  (om.r.) based on t h e  prorationing of points 

according t o  t h e  value of each mission objective.  

hundred points were d is t r ibu ted  among t h e  objectives of each mission. 
shows a tabulat ion of objectives and assigned incremental mission returns f o r  the  

Jup i t e r  Probe mission when carried out by operational m o d e  3a. This particular 
operational mode enables the  accamplislment of all possible misaion obJectives; 

hence, the  t o t a l  of t h e  assigned incremental mission returns  is one-hundred points.  

I n  t h i s  study a t o t a l  of one- 

Figure 3 

Appropriate snaiyses were a lso conducted t o  e s t ab l i sh  a sequence of functional 

objectives f o r  t h e  operational modejsystein candidate combination selected f o r  

evaluation. 
events which must be accompliehed t o  fulfill the  spec i f ic  mission 03jectives. The 

events are l is ted i n  the order i n  which they occur i n  8 normal mission. 

successf'ul completion of a s ing le  event i n  t he  sequence is  not necessar i ly  continge 

on the successfU completion of a l l  p r io r  events although t h i s  is frequently the  

case. Figure 4 i n  Section 5.3 shows a functional sequence f o r  t h e  Jup i t e r  Probe 

mission when car r ied  out by operational mode 3. 

A funct ional  sequence i s  e s sen t i a l ly  a l i s t  of engineering and science 

The 
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5.4 
In evaluatinG operational mode 3a and the selected system candidate, S-5, f o r  the 

Jupiter Probe mission the spacecraft and capsule payloads, were considered t o  be 

invariant with t r i p  t h e .  
var ia t ion i n  r e t r o  veloci ty  required f o r  ta rge t  planet capture and the var ia t ion 

i n  earth-orbit  departure velocity. Figure 5 shows the relat ionship between 

trip-time and these t w o  requirements while Figure 6 shows the  effect of t h e i r  

var ia t ions O:I capsule weight and main spacecraft weight a t  departure from ear th  

o rb i t  

In  Figure 7 
Saturn 5, capabili ty.  

730 days t h e  performance of the Saturn 5 launch vehicle i r ;  sa t i s fac tory  fo r  launch 

and earth-departure- 

however, exceeds the capabi l i ty  of the Saturn 5. 

Vehicle Design & Flight  Performance A n a l y s i s  

Under t h i s  constraint  the major considerations were the 

the s p a c e b a f t  weight is again shown, along with the launch vehicle, 

This  f igure shows that f o r  t r i p  times of 997 days and 

The weight of  a spacecraft  designed f o r  a 548 day t r i p  

Susbystem investigations were carried oat during t h i s  port ion of the  study p r i m r i l  

t o  obtain weight data and asses6 technical f e a s i b i l i t y .  

best  o p r e t i o n a l  mode/system candidate combination f o r  Jupi te r  Probe i s  tabulated 

i n  Section 5.5, System Definition. 

I n  addition, a typ ica l  in-bmrd prof i le  made during the  design investigations is 

shown On pa&w 20 

"he weight data f o r  t h e  

f o r  the nuclear e l e c t r i c  powered Jupi te r  F'rabe. 

t 
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5.5 System Definitimi 

Che system candidate selected f o r  detailed evaluation i n  t h e  Jup i t e r  Babe  fnisoioil 

Ls defined i n  t h i s  section. 

Cable 3 
Fnis description together with the spacecraft weight summary i n  Table 4 

I , 

1 
I 

l ists  t h e  mQor character is t ics  of t he  Jupiter Probe system candidate. 
I 

~ 

the depth t o  which the system was defined f o r  purposes of the  evaluation. The I 

represents 1 

I 

results of analyaea conducted i n  support of t h i s  def in i t ion  appear i n  other sections' 

3f t h i s  regort  and i n  the appendix. I 

4 Saturn 5 vehicle i s  used t o  launch t h e  s-cecraft i n t o  interplanetary t ra jec tcxy  

via an ea r th  p r k i n g  orb i t .  

5 IV B propellants are spent. 

?ropellants of the S IV B, tliw requiring restart of that stage. 

p-ovides onljr t h e  pro2uloion required f o r  mid-course correction guidance maneuvers 

luring f l i g h t  

Ear th  o r b i t  is achieved a f te r  o n l y  a $ortion of t h e  

Earth departure veloci ty  i o  provided by the  unspent 

The spacecraft  

* 
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TABLE 3 
JUPIXR PROBE SYSTEM CANDIDATE 

MAIN SPACECRAFT 

Payload - Sc ien t i f i c  Equipment 
Guidance Propulsion - N20b/Aerozine 50 

Guidance - Astro - I n e r t i a l  

Att i tude Co,itrol - Reaction jets and i n e r t i a  wheela 

~ P l f  - Nuclear, 6 Kw 
Communications - 2300 megacycles, 200 bits/sec. 

CAPSULE 

Payload - Sc ien t i f i c  Equipment 
Planet Capture Propulsion - N204/Aerozine 50 

Deorbit Propulsion - N2Ok/Aerozine 50 

Power Supply - Battery 
Guidance - Astro-Iner t ia l  ’_ 

Atti tude Control - Reaction je ts  and i n e r t i a  wheels 
C ommunica t i on6 

IAuNcH VEHICIE - SATURN 5 
F i r s t  Stage - S-IC 
Second Stage - S-11 
Third Stage - S-IV-B w/Restart 

G.O.S.S. - Deep Space Instrumentation F a c i l i t y  

G.S.E - Sa tu rn  5 and Spacecraft - 
LAUNCH FACILJTY - A t l a n t i c  Missile Range. 



! 

, - 

L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO. LR 17358 
PAGE NO. 23 

TABIX 4 
SPACECRAFT WEIGHT SUIMARY 

Main Spacecraft Sc i en t i f i c  Equipent  
Spectrometers 
Magnet meters 
Radiation Detector 
Radiometers 
Meteoroid Detector 
Television Camera 
Radio Noise Detector 
Controls, Scanners, Shields, e tc .  

Environmental Control 

Reentry Capsule 
- 

Sc ien t i f i c  Equipment 

Ra di me ters 
Meteoroid Detector 
Radiation Detector 
Magnetometers 
Coiitrob , e t c  

Cammunicetion System 
Environmental Control 
Guidance & Ravigation 
Control 
Propulsion (Isp = 310) 
Power Supply 
Structure  and Reentry Shield 

Propulsion System (ISP = 310) 
Engine 
Propellant Tanks 
Pressurization Syatem 
Shielding and Insulation 
Structure  
Propellants 

Control 
Acceaaory Power Supply 

Cammicat ion System . 
Guidance And Navigation 

Structure  

TOTAT, 

200 lbs. 
70 

6.5 
18.5 
25 
5 

25 
5 

45 
620 

4820 

65 
25 

5 
18.5 

6.5 
10. 

60 
35 
4b 
20 

3330 
110 
220 

3700 

11000 l b s .  

- 
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5.6 System Evaluation 

5 . 6.1 Re l i ab i l i t x  

The evaluation of a system candidate requires a quant i ta t ive determination of the 

candidate 's  capabi l i ty  t o  acconpliah specif ied mission obJectives. This i s  done 

on the basis of r e l i a b i l i t y  anawses. 

"ne first s t ep  i n  an evaluation procedure of t h i s  type i s  t o  ident i fy  the  function 

or chain of sequential  independent functions required t o  insu re  successful 

c a p l e t i o n  of mission objectiven. 

fac tors  ( m e r o )  have been a s s i w e d  mt be conaidwed. 

t o  mission objectives is covered i n  Section 5.3 of this report. 

functions is contingent on the  proper operation of a set of subsyetem. 
r e l i a b i l i t y  of the subsystems form the basis  on which the  probabi l i ty  of success- 

fully accanplishing mission objectives i s  determined. Table 5 i den t i f i e s  the 

subsystems on which accomplishment of the  various objective6 of the Jup i t e r  Babe 

mission depends. 

The probabili ty of successfully accomplishing mission objective6 wa6 f i rs t  

determlned f o r  a single mission attempt; tha t  is, f o r  a oingle launch program. 
The pmbab i l f t i e s  of accmplishing the various mission objectives i n  a single 

* 

Each objective t o  which incremental mission re tw 

The assignment of m.r.'s 
Each of these 

The 

launch 

where : 

- 

program were determined by: 

I 

= Probabili ty of successfully completing the ith mission 

obJective. 
Ri 

(%) = Rel i ab i l i t y  of the  jth 'lone-shot" o r  single-use subsystem ' required fo r  accomplishing the ith objective 

= Expected failure rate of the ICth continuous - w e  sub- 
system required f o r  accomplishing the i t h  obJective. 

= Total elapsed operating t i m e  required of t he  ISth continuous- 

u6e subsystem f o r  accmplishing the ith obgective. 
% 

i 

1 
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After determining the probabili ty of successrully accmplishing each mission 

objective f o r  a s ingle  launch program, the probabili ty of successf'ully ccxnplethg 

the objectives once i n  a multiple launch program can be determined by: 

n 
(Ri) = 1 - (1 - Ri) 

n 

where : 
. 

n = Number of launches i n  the program. 
I 

Table 6 presents the probabili t ies of accomplishing the  Jupi te r  Probe mission 

objecfhesALt l e a s t  once for programs involving 1, 3, 6 and 9 launches a s  determined 

by the abwe  method. I n  t h i s  sunmary table ,  the r e l i a b i l i t i e s  of the  individual 1 

science f'unctions performed during a phase a re  not tabulated.  The r e l i a b i l i t i e s  I 

shown i n  the t a b l e  a r e  e f fec t ive  r e l i a b i l i t i e s ,  romputed by weighting the individual, 

I f'unction r e l i a b i l i t i e s  by the incremental mission return from each Aurction. 

Tbk re l iab i l i ty  data usad in the  Jupi te r  Probe evaluation I s  presented i n  Tables 7, 

be ax&&& &fng t%e 8apfb Robe program. 

8, rad <- R w  8 ! slpaws the launch vehicle r e l i a b i l i t y  growth tha t  can 1 ' I L  . -  
No r e l i a b i l i t y  growth a s  assumed i 

i n  the  detezninstion of spacecraft function r e l i a b i l i t i e s .  
i 
1 

Figure 9 shoxs a typ ica l  r e l i a b i l i t y  estimate f o r  a Jupi te r  Probe spacecraFt I 

subsystem and the equivalent subsystern f o r  the Mariner spacecraft. 

seen tha t  an order of magnitude Improvement i n  f a i l u r e  r a t e  was assumed Over tkt 
estimated f o r  Mariner. 

capabi l i ty  f o r  all Jupi te r  Probe subsystems. 

It can be 

The same magnitude of Improvement WEIS assumed over present 

FORM 402D 
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TABLE 6 
PROaABILITY OF SUCCEXXFUL O m c T N s  ACC"PL1S- I 

FUNCTION Tmf3 ( b y e )  PJiwmD IAmcHEs 
START EIAPSED 1 3 6 L- 

Iaunch To Ear tb  O r b i t  

Interplanetary InJ e c t io2 
Inject ion Guidance Maneuver 

Phase I Science 

Phase II Science 
Midco-me Guidance Maneuver 
Phase 111 Science 

First Approach Maneuver 

Phase N Science 

Fina l  Approach Maneuver 

Phase V Science - S p c e c r a f t  

Capsule Separation 
Capsule Planetary Capture 
Phaoe V - Science - Capsule 
Capsule De arb i t bbneuver 

Capsule Atnospheric Entry 

0 

0.5 

1.5 
3 

10 

88 
89 
694 
695 
900 
984 
985 
935 
985 
lo00 
1301 

.a46 ,996 
07-79 e939 
0736 - 9 2  

,746 .g84 
0538 .3w 
.ux .a54 
.044 .E% 

.OSL .032 

. m g  a025 

.017 .052 

,0116 .o& 

.my5 .029 

.oogb .028 

.047 .134 

.018 .055 

.0104 .031 

999 
999 
999 
993 
934 

.982 

.234 
251 

,062 

.lo5 
057 
.lo1 
.mi3 
.961 

' 057 
.056 

999 

999 
999 
999 
' 999 
9 9  

9 334 
352 
.@3i 
155 
077 
,147 
,012 

073 
.08j 
.083 
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'PA= 7 
UT[IRzB-5 STAGE €33- 

JUPITER mom CXJMUUTIVE STAGE 
FLIGHT NO. LAmcREs R E L L Z B r n  

I 

55 
105 
180 
380 
430 
505 
555 
605 
630 

' 935 
0942 
9 948 
955 

*P!% 
957 

9 958 
959 
959 

Assumptione For Table 7: 
1. 

2. 

F i r s t  Saturn-5 b u n c h  - U& 
Fif ty- f ive  (55) Saturn-$ bunches p r i o r  t o  launch of f i r s t  
Juy i t e r  Probe. 
subsequent Jupiter Probe launches shown i n  Table L 

Cumulative Saturn-5 1auncheS at time of 

3. Stage Rel i ab i l i t y  (Rs) = 1 -=LO4, according t o  Reference 2 ; where 

L = Cumulative launches 
oc = 0.14 f o r  Saturn-5 

4 = 0.19 for saturn-5 

4. Guidance Re l i ab i l i t y  

To Earth Orb i t  (R 
From Earth Orbit To In jec t ion  (RGI) - 0.980 

- 0.990 w) 

5 .  Restar t  Re l i ab i l i t y  (%) Third Stage (S-IV B)'- 0.940 

. 

FORM 4 0 2 0  



0 
I 

,,i 

SUBSYSW 
SAQCECRAET ENGDEERING 

Guidance & Navigation * 
a t t i t u d e  Control 

P w e r  Supply 

Communication* 

Propulsion 

In j ec t ion  Guidance Maneuver 

Midcourse Guidance Maneuver 

Ffrst. Approach Guidance Maneuver 

Final Approach Guidance Maneuver 

Capsule Release 

WSULE ENGlMEERllpG 
s 

Guidance & Navigation * 
At t i tude  Control 

Power Supply 

C m u n i c a t i o n  * 
’ Fropuls ion  

Planet Capture Maneuver 

De o r b i t  Maneuver 
1 

c. 

I 
t L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
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TABLF: 8.  
SPACECRAET RELIA.flIW DATA JUPIm PROBE: 

SINGLE USB 
RELIABILFY 

0.95 
0.90 
0.85 
0.80 

0.95 

70 
27 
10 

43 

47 
9 
6 

- 28 

* Includes Computer, Programmer, Etc. 

it+ . Inc ludes  Encoders, Data Storage, Etc. 

+ Failure Rates are f o r  Engineering Subsystem and Associate Thermal 
Controls. 
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SCIENCE 
SUBSYSTEM 

SPllCMlRcLFT s cmm 
Spectrameters 
Magnet meters 
Radiation Detector 

Meteoroid Detectors 

lilfmrcd Radiometer 
Microwave Ra d i  oue t e r  

Radio Noise Detector 

Televis Lou Cwera 

:mm scmm 
Radiometer 

Meteoroid Detector 

Radiation Detector 
Magnetometers 

Atao~pher ic  Entry Sensor 

F A m  RATE* 
4 x 10qHR c 

40 
20 

15 
5 

15 
15 
25 

70 

0.98 

20 

5 
15 
20 

it Failure Rates a r e  f o r  Science Sencors, Associate Control Units 
and Them1 Control. 



I 

8 -  
2 ,  

t 
0 

4 

J 
4 

2 
I 

u 
Y 

f 
t- 

a 
L 
< w 
J 

2 
0 
4 
v) 

3 

I 

L 
0 w I- 

a 

FORM 527DA 



L W 

< 

0 

c 
I 
1 
I 
4 Y 



_- 
L O C K H E E D  * . C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A 1 , R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO. LR 17353 
PAGE NO. 33 __ 

_- 

5.6.2 cost  - 
I n  analyzing the cost  of advanced missions where subsystems a r e  a t  best, not w e l l  

defined, the  folloding three*step procedure i s  u t t l i zed .  

Step One 
Analyze past  program f o r  t he  d is t r ibu t ion  of effort i n  these categories:  

Engineering 

F l ight  Hardware 

GSE 

Supporting R&D 
F a c i l i t i e s  

Fayload Integrat ion 

9gerat ions 

I n  t h i s  wsy the r a t i o  of Total Program Cost t o  F l igh t  Hardware Coat on past prop3i-w 

can be determined. Tables10 a n d l l  represent the  r e s u l t s  of t h i s  type of anal;rsis 

on Mariner I1 and Mercury. 

In  each mission the  F l igh t  Hardware Costs a r e  determined u i n g  mbsystem veigh-ts 

obtained from the Vehicle Design Analjjsis, Section 5.4, and suSsystem parametric 

cost  data developed. 

Sther cost  estimating yardsticks are tabula ted  i n  the  Appendix. 

For example, for rocket engine costs  a r e  shown i n  Figure 10 

Step T h e e  

3btafn the  Total Program Cost 86 fo l lows:  

TCXCALPROGR4.M = 

II 

COST 

!low i n  the bkriner 11, a past  progran similar i n  d i s t r ibu t ion  of e f f o r t  t o  the  

Jupi ter  Prabe we see f r a n  page 35 that: 

= 100.0 = 2.86 - TOTAL PROGRAM COST 
FLIGH!F HPJUNARE C o 6 T  35.0 ' 

b 
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5 A.2 (Cont Id} 

Therefore, f o r  J U P I 3 B R  PROBE: 

TOTALPROGRAM 
COST 

- 
FLIGHT H9RINARE x 2.86 

- COST Lm F R O B  

Tne calculat ion of t5e  Jup i t e r  ProSe Costs are shorn on pages 38 throwh 41 
summarized on p g e  42 . 

. 

1 

I 
I 

a lld 

i 
I 

1 
I 
I 

i 

I 

I 
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TABLE 10 
M 4 R I m m  - I1 

rrEM 

ENGINEERING 

Munch Vehicles 

1st Stage 
Upper Stage 

Propulsion 

Guidance & Control 

GSE 

I 

Sjpcecraf’t 

GSE 

, 

FLIGHT HARlWM 

Iaunch Vehicles - 2 a t  8.5 
(Atlas - Agena) 

Spacecraft  2 a t  4.0 

GSE - 
For LV & SC 

SUPPORTING R&D 

FAC-IES 

PAYUND I”TF,GRATI5N 

OPERATIONS 
Ground 
Iaunch & Flight 

. 

TUTAL 

COST 
> 

15.0 

2.0 
17.0 

17.0 

4.0 

7.0 

4.0 

1.0 

2.5 
11.0 
13.5 

79-05 
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TABU 11 I 

MERCURY 

DxM 

EIPGIXElW3G 

MUNCH VEIIICIES 
First Stage 

‘L:PWr Stage 

P~OPULE ion 
C&C 
GSE 

SPACECRIllET 
GSE 

FWGRT H W m  

IAUNCH VERICIES 

A t l a s  7 x $8.5 
spacec r tm 26 x $3.6 

- Gs6 - For h u n c h  Vehicls and S/C 

SUPPORTING R & D 

PAYLO I”I!EGRATI(HV 

OPERATIONS 

GROUND 

LAUNCH & FLEE” 

* 26 vehicles; 7 launches 
Spacecraft Weight 4753 1bE. 

COST - $M 

11 
66 
2 

60 
94 

78 

75 

2 

65 
29 

PERCWTAGE 

2.1 

3-2.7 
0.4 -_ 

15.2 

U. 6 
18.2 

29.8 

15.1 

14.5 

0.4 

-__ 
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CWT METBOD 

J.cETmR PROBE: 

For OM-3a/S-5 the following weights are used in costing the Flight Earduare: 

I 

TRIP TIME 997 DAYS 

S/C Total Weight 11000 lbs 

1426.9 Main S,’C Prope-nt - 2830 

Net Inert  5020 l b s  

730 JuYs 

13200 l b s  

- 3400 

- U 5 0  

5350 l b s  

. 

I - 
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COST METHOD 

JtTPrrEn mom - 997 LWYS 

3 IAmm 
6 

G 
= $150.0 x i o  

= 100.3 x i o  

6 3 S-5 a t  $0 x 10 

3 
6 

S I C  a t  33.43 x 10 
$250.3 x 10 5 

6 TCrrPIL PROCRAM COST = 250.3 x 10 x 100.0 
35.0 

LESS DIEV. FOR 

NUCLEN? APU 
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6 
= $715 x 10 

5 r  

9 
.ADEV. F Q R N .  A R I  = 2 8 7 ~  10 

$1.002 x 10 

6 IAUNCRES 
6 

ADD 3 (33.43+ 50.0) x 10 x ( 3 . 0  + 18.9) = 
35 90 

FOR 35kFUL'. HW. 
8a 18.s 0PERBTIO;NS THJBEFm 

6 ADD 3 (83.43) x 10' x 1.54 = $385 x 10 

9 IAmm 
6 

= $ n o  x 10 6 ADD 2 x 385 x 13 

FORM 4 0 2 0  b 
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COST METHOD 

3 IAurJcBS 
6 

= $150.0 x 10 
6 6 

6 

6 
3 S-5 at 50.0 x 10 

3 SIC at 35.71. x 10 =I 107.1 x io 

$257.1 x 10 

TOTAL PROGRAM CCET 6 
= $257.1 x 10 x 100.0 

35 * o  

LESS DEV. FOR 

MJCUWR A€U 
6 

6 
= $736.0 x i o  

$287.0 x i o  nEv* FOR N. kpzT 
, 

$1023.0 x 10' 

6 UUNCHES 

ADD 3 (35'71 + 50.0) x 10' x 1.54% 

3 (85.n) xlo6 x 1.54 = $396 x 10 G 

9 UluNCIIEs 
, 

ADD 2 x 396 x 10' 6 
= $792 x 10 

--. 

FORM 4 0 2 0  
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JUPITER F'RORE - COST SUMMARY 

NO. (JF 

f A u " E S  

3 

9 

FORM 402D 

. 

, 

I I 
i 

I 

997 DAYS 

9 $ 1.002 x 10 

e 1.387 x lo9 

9 $ 1.772 x 10 

730 DAYS 

9 $ 1.023 x 10 

1.419 1: 109 

$ 1.815 x lo3 
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a 

L = Number of launches 
(Cost)L = Total cost of a "L" - bunch program. 

ind where a l l  other parameters are  as defined previously. 

?he System Pe r fomnce  Indices for 3, 6 and 9 launch programs and fo r  both 997 
tnd 730 day t r i p  times a re  plotted in Figure I ]  . 
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5.6.3 System Performance Index 

The c r i t e r ion  used f o r  the evaluation of system candidates i s  cal led System 

perfonnance Index (SPI). The def ini t ion of the SPI f o r  a single-launch program 

i 6  : 

3ys-teu Performance Index (SPI) = z:l ( A  m . r . )  R 
i i  

cost  

where; 

bm.r.)i = Incremental mission return f ac to r  of the ith mission 

objective 

= Probabili ty of successfully accomplishing the  ith mission Ri 
objective 

cost  = Total  Cost of a s ingle  - launch program. 

For a multiple-launch program i n  which r e l i a b i l i t y  growth between the f i rs t  and 

Last hunches is negligible, a s saws  a more general form: m e l y j  

(here : 
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5.6.4 ProLgxmning Variations 

In  order t o  evaluate the  system candidates within a mission, the following 

pro,n;ramming variations were considered: 

Number of launches 

b u n c h  date 

T r i p  time 
Type of schedule 

These tems obviously have influence on the cost  and energy required. Not so 

I n  general w h a t  i s  obvious is  the influence of the type of schedule on cost. 
meant here is the influence of an accelerated, normal, ar relaxed type of schedul? 

on t o t a l  p r o m  cost.  

In order t o  i l l u s t r a t e  the  influence of the type of schedule on the Jupi te r  Probe - 
t o t a l  program cost, Figure12 is  shown. 

t o t a l  program costs fo r  a normal schedule and constructing the curves i n  the follaii 

i n s  way. 

incorporation of design bprovements between operational launches, whereas, the 

accelerated-schedule time is  considered the  absolute mininun time aseuming the 

appl icat ion of i n f i n i t e  k m u r c e s .  

by extrapolating t h e  normal schedule cost6 a l m g  a l i n e  parallel t o  the constant 

cost l i ne ;  whereas the accelerated schedule costs were obtained by assuming that 

four Independent, concurrent design and development approaches were required. 
Perhaps, a b e t t e r  m y  t o  obtain the accelerated schedule costs would be  t o  extend 

the  curvee f o r  each number of launches asymptotically t o  the estimated minimum 

time. 

These curves were obtained by calculating 

For exanple the relaxed-schedule time is su f f i c i en t ly  long t o  allow 

Moreover, the relaxed-schedule cost  is obtained. 
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5.6.5 Developsent Phn * 
A brief development plan f o r  a nine hunch  Jup i t e r  Probe mission is shown i n  

Figure 13 . 
launches a r e  shown under the Development Phase, these hunches a r e  t r ia ls  wi th  

full aystem objectfves. 

Attention i6 i nv i t ed  t o  the  f a c t  that although the  first three 

The item skown as Design ModificatLan continues a f te r  launch number three a t  a 

reduced level and represents the e f f o r t  necessary t o  incorporate design improvemen 

as a result of learning during operational f l i g h t s .  

It is  quite evident that one of' the key features of a multiple launch, Jup i t e r  

?robe mission is the  long p r o m  and f l i g h t  durations.  

e a s i l y  cover t en  t o  fourteen years. 
The program could 

I 
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5.7 Mission Ehaluation 

The system xrformance index, S.P.I., described i n  Section 5.6.3 of t h i s  r e ? o r t  

enables the  c mp at ive evaluation of opera t i om1 -mode /s y~ t ea-ce ndida t e c aqb i - 
nations within one par t icu lar  mission. 

t o  cmpare operntl.onal-mode/system-candidate combinations of one mission v i t h  

those of another nission. It can  be reasoned that the  beGt operational mode;' 

system candidate combinations from each mission can be cmmred  if a f a c t o r  of 

t he  r e l a t i v e  value of each mission i s  introduced, 

An addi t iona l  c r i t e r i o n  is required 

I n  this study t he  Mission Evaluation Criter ion (M.E.C.) was used as a basis f o r  

t h i s  comparison. 

The Mission Evaluation Cri ter ion can be defined as follows: 

Mission Evaluation Criterion (M3C) = (S .P . I . )  Vm 

where Vm, ca l led  the  R e h t i v e  Mission Value, is,a value Judgment assigned t o  
missions on the basis of t h e i r  re la t ive  contributions t o  national objectives 

within the  framework of the following considerations. 

* FORM 402D 

1. Science 

2. Engineering 

3. P o l i t i c a l  

4. Manned S p c e  F l ight  

5. M i l i t a r y  

6. Econanic 

I 

I 

! 
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I 
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5.7 Mission Evalwtioii  
The Relative Mission Value (Vm) deals largely with the  intangibles  associated 

with the performance of missions and cannot be generated by knwn ana ly t i ca l  

techniques. 
engineering and scient@ considerations i n  es tabl ishing the  d e s i r a b i l i t y  of conduct- 

ing a mission. 

These intangibles o r  imponderables may, i n  many instances,  transcend 

I n  this study Relative Mission Values were obtained from t he  results of a survey 

conducted a t  the  J e t  Propulsion laboratory. 

key personnel t o  s o l i c i t  t h e i r  judeplents i n  assigning values t o  the  missions i n  

the categories s ta ted .  

a r e  : 

A queetionaire was dis t r ibu ted  among 

The results Of this  survey, normalized t o  the  Jup i t e r  Probe 

Jupiter €??@be 1.0 

Manned Lunar Base 2.63 

hhnned Mare Ianding 3.22 

Unmanned Sample Return From 0.69 

Earth Orbiting Space S ta t ion  2.40 

Venus 
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6.0 ~ S u f l f i s  FOR OTHER MISSIONS 

Information per t inent  t o  the evaluation of other d o s i o n s  covered in the study 

is summarized i n  t h i s  section. 

appendix. 

k d d i t i o m l  supportins data a r e  presented i n  the  

6.1 System Definit ion 

Mission Two - Manned Lunar Base e 

The Mdnned Lunar Base evaluation WRG made for a postulated mission i n  which a 

temporary base would be established i n  t he  v i c i n i t y  of Mare Nubim. The base 

conaists of laborator ies ,  observatories, l i v ing  quarters  and associated f a c i l i t i e s .  
The base would sLapport tLe exploration of natural phcnoxena w i t h i n  g 200 - 300 n i l e  

=:dim of the Maria and. would enable ea r th  and astronclmical observations. 

The mission e n t a i l s  a one-year presupply phase and subsequently a one-year 

operation phase. 

w i l l  be transported t 9  the  lunar surface f o r  base construction and ac t iva t ion .  

D n i n z  the f i r s t  year a total of one mil l ion pounds of cargo 

F’rom three t o  nine crew me,xbers w i l l  be required on the  lunar surface t o  p r f o r m  
these f’unctions. C r e w  members w i l l  be ro ta ted  every 30 t o  60 days i n  t h i s  i n i t i a l  I , 

4 

! 
i 

phase. 
t o  man the  base and cmduct lunar exploration; these nen w i l l  be ro ta ted  on a 
six-month basis.  

during the operation phace. 

The Manned Lunar Base Mission evaluation was based on the use of a modification of I 

Operational Mode 4, as described i n  Monthly Progress Report No. 3 .  
as modified, e n t a i l s  the t ransportat ion of a l l  cargo t o  the lunar surface by means ’ 

During the  second o r  operation phase, f i f t e e n c r e w  members will be require 

The bzse will be resupplied w i t h  one-half mill ion p0;mds of carzo , 

This mode, 

of d i r e c t  unmaiied f l i g h t s .  The lunar landing operations of these f l i g h t s  a r e  

eupervised, i .e. co&rolled, by  base-assem‘k~ly crew members. These personnel are 
i 
/ 

t ransported by separate  f l i g h t s  i n  which the lunar-orbi t  

u t i l i zed .  

d i r e c t  f l i g h t  to t he  lunar surface where a portion of t he  Landing stage i s  refueled 

f o r  t h e  ea r th  re turn  journey. 

The system candidate on which the  eva lmt ion  WBS made 

mission i s  described i n  Tables 12 t h rowh  16 . The i?recup?ly and resuplAy 

cargo v e i ~ h t s  are summarized i n  Tables  12 & 13 .The flifizt vehicles required f o r  the 

rendezvous technique is  

Base operation personnel are transported by yet another means; namely, 

for  the Manned Lunar Base 

’ F O R M  4020  
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Mission Two - Manned Lunar Ewe (Cont'd) 

e n t i r e  niss ion are enmerated i n  Table 14 
bunches,  and Apollo modules were u t i l i z e d  i n  t he  spacecraft  whenever practicable.  

Descriptions of a Lunar Logistics Vehicle (LLV) and Modified Apollo Service Module, 

def ined,  for t h i s  study are presented i n  Tables 15,16 .~he  LLV i s  wed i n  both 

the  pesupp ly  and resupply cargo f l i g h t s  and the Modified Service Module i s  used 

i n  t he  t ransportat ion of base operation personnel. The la t te r  module is equipped 

with th ro t t l eab le  engines and landing gear t o  permit descent t o  the lunar  surface 

from orbi t .  
after being refueled on the lunar surface. 

The ve loc i ty  requirements f o r  t he  cargo and personnel f l i g h t s  a r e  presented i n  
Table 17' 

. Saturn 5 vehicles are used f o r  a l l  

The Service Module i s  a l s o  used t o  provide earth-return prolpulsisn 

These data were used i n  determining f l i g h t  performance f o r  which 
calculat ions are 8' umrnarized i n  t he  appendix- A b o  shmm i n  the  appendix are: 
(1) the  d is t r ibu t ion  of incremental niss ion r e t 7 z n  fac tors ;  and (2) a funct ional  

sequence-for the  niss ion.  

"ORM 4 0 2 0  
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Living Quarters 

Base Operation, Crew Support, & LogiBtics 
Quarters 

Life Support 80 Environmental Control 
Systems (20,000) & Supplies ( 40,000) 

Construction Equipnent 

Comunications System 

Parer S ta t ion  & Power Distribution Equipment 

Observatories & Iaborator ies  

Sc ien t i f i c  Equipt. (110,000) & S q p l i e s  
(20,000 1 

Lunar Surface Vehicles 

Ebergency Earth-Return Vehicles 
(60,000) & Propellants (130,000) 

60,000 

80,000 

15,000 

40,000 

125,000 

130,000 

ll0,ooo 

Miscellaneous Supplies & Equipnent 

TABU 13 
RESUPPLY WEIGET suMMARY/l4AlQ@D UMARBASE 

Life Support & Environmental Control 

Scientific Equipt. (50,000) & Supplies 

Lunar Surface Vehicles, Spare Parts, F’ue1,Etc. 

Supplies 40,000 lb.. 

(10, OOo 1 60,000 

30,000 

Earth-Return Propellants 345,000 

Miscellaneous Supplies 81 Equlpanent 25,000 

TOTAL 500,000 lb. 
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TABLE 14 

Wanslunar F l ight  Vehicle0 

PrcsUppu Gargo Oarriers 

Saturn -5 Vehicle6 

35 Required 

Lunar Logistic Vehicles 

35 Required 

€'resupply Personnel Carriers 

Saturn 6 Vehicles 

12 Required 

Apollo Comaiid Pllodules 

X? Required 

Apollo Serv ice  Modules 
I 2  Required 

Apollo Lunar Excursion Modules 

I 2  Required 

Base Assembly Personnel Carrierc 

Saturn  _, 5 Vehicles 

9 Required 

Apollo C o m n d  Modules 

9 Required 

AgoUo Service Modules 

9 Required 

Apollo Lunar Excursion Modules 
9 Required 

. 

. FORM 4 0 2 0  
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TABU3 14 (Cont 'd) 

Resupgly Cargo Carriers 

Saturn 5 Vehicles 
18 Required 

Lullar LogiGtics Vehicle 
18 Required 

Base Operation Percioniiel Carriers 

* Saturn 5 Vehicles 

10 Required 

Apollo Connand Modules 

10 Required 

Modified Rpollo Servise/Logictic MDdules 

10 Required. 

I 

t 

.I I 



. 

L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

LR 17358 REVISIONS REPORT NO 

PAGE NO 36 

TABU 15 

LUmR mzgcsIc VEHICIE: 

Cargo Module 

Cargo 

Structure 

Propuln ion Module 

M*i% P r o p e l h n t c  - 
Residual Propellants 

Structure 

m2 Tanks 

I.y2 Tanks 

Inters tages  & Ski r t s  

Tl l rus  t Structure 
Hen t Shield 

Innding Gear 

T r o p ~ i l s  ion I n e r t  

:I Engines - 2 P&W EL 1OA 

ID2 ?ressurization System 

LE Pressur iza t ion  System 

Engine Controls 
Plunbing & Accessories 

2 

28,800 lb. 

3,200 

48,800 

500 
5,700 

32,000 lb. 

50,000 

i 
I 
i 
! , 
i 
i 

1 
I 

i 

I 
I 
I 
i 

I 

a FORM 402D 
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TABLE 16 
SYSTEM DESCRTPTION,/R aAsE 

S"cCtWf2 

Body, Tank S u p x r t ,  Thrust (3200) 

k n d i n g  Gear (1000) 

Proyellant Tmks (1800) 
Interstage SM/SIV B (3oQo) 

Environwntal Control Syotem 

Propulsion System 

Pro-pulsion - N,O&,/Aerozine - 50 (42,000) 
Engines - 3 a t  10.5 K (LF51) ( 900) 

Pressurization System ( 600) 
Plumbinz, Cont. & Accessories ( 300) 

Atti tude Control System 

Guidance & Navip t ion  

Power Supply, Diat .  & Cont. - 
€$-O Fuel Cells 

2 

.- 

F O R M  402D 

. 

go00 lb. 

500 

43,800 

1, Goo 

300 

1800 
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6.1 (Cont'd) 

Mission Three - Earth Orbiting Manned Space S ta t ion  

This mission was evaluated on the basis of accomplishing two general object ives:  

namely; (1) t o  conduct ea r th  orb i t  science and engineering experiments;and 
t o  su?port ea r th  o rb i t  aosenbly, checkout and launch of lunar and/or in te rp lane tar j  

spacecraft. 

would be required f o r  maintaining and operating the s t a t ion .  
crew would serve as experimenters, experimental subjecto, o r  technicians i n  support 

of' assembly and checkout operations. 

assumed t o  be one year i n  duration with crew ro ta t ion  every sixty days. 

equipinent f o r  science experiments and observations were considered as part of t h e  

space s t a t i o n  system. 

and Launch operations was considered a s  par t  of the  spacecraft  b e h g  prepared for 
hunch  and did not en ter  i n t o  the evaluation. 

support and protective f a c i l i t i e s  f o r  the  personnel engaged i n  the l a t t e r  a c t i v i t i e  

was considered. 

(2) 

The statidn.was assumed t o  be nanned by 24 personnel, e ight  of whm 

The remaiilder of the  

The o-rational phase of the  mission w a s  

h b o r a t o r j  

Special  e q u i p e n t  required i n  support of ascembly, checkout 

Only the  s a p b i l i t y  t o  provide l i f e  

The operational mode f o r  t h i s  mission e n t a i l s  the  launching o f ' t he  swce s t a t i o n  

into near earth orb i t  and the  subsequent act ivat ion,  supply and crew ro ta t ion  

functions required during t h e  one-year operation period. 

t he  s t a t i o n  will be f u l l y  equipped with a11 o s r a t i n g  and laboratory hardvare. 
minimum amount of consumables will also be on board a t  launch t o  enable s t a t i o n  

ac t iva t ion ;  however, food and water f o r  crew consumption w i l l  be supplied on an 
as-required basis  by .C_ '>. l o g i s t i c  supply vehicles.  The l o g i s t i c  vehicles 

w i l l  a l s o  provide crew transportation, resupply of comwnables, standard equipment 

f o r  spacecraf t  assembly operations and spare parts f o r  s t a t i o n  f a c i l i t i e s .  

"he const i tuent  vehicles of the s p c e  s t a t i o n  systern are: (1) the spice s t a t ion ;  

(2) 'a space s t a t i o n  launch vehicle; (3) twelve b a l l i s t i c  logistic vehicles and; 

(4) Zaunch vehicles f o r  the l o g i s t i c  vehicles.  

space station,and Saturn LB 
Descriptions of the space s t a t i o n  and l o g i s t i c  vehicle are presented i n  Tables 13 
and 1 9 .  
t o  a cargo payload of 10800 po.uids t o  the space s t a t ion .  

used f o r  cchcdulcd earth re turn tri2s as w e l l  as emergency escape. 
requirernents f o r  a11 propulsive functions of the vchicle appear 211 Tdble 23 . 

A t  the time.of launch 

A 

A Saturn 5 is Used t 3  launch the 
vehicle6 a re  used t o  launch the l o g i s t i c  vehiclc 

The l o g i s t i c  vehicle i s  decigned t o  car ry  a crew of *delve inen i n  addi t ic  

The reent ry  module i s  

Velocity 

I 
- -. - - - - - - - - __ - --- - i ,  

r - I  IQRM 4320 
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TABIE 18 

SYSTEM DESCRIPTIO~MANNED SPACE STATION 

I Sv'T1m 

. 

Structure  

Module6 (3) 
Tubes (6) 
Hub 

Electronics 

I Instruments & W n e h  

canmunica t ions 
Guidance & Navigation 

Att i tude Control System 

Propellant 

Tanks & Plumbing 
Reaction Jets 

S tab i l iza t ion  Control 

E lec t r l ca l  Pmer System 
Bat ter ies  

Solar Cells 

Distr ibut ion & Control 

Environmental Contra1 

Thermal Control 

Ca2, %O & Odor Control 

A i r  Sealed A t  Iaunch 
A i r  Tanks & Controls 
Oxy5en Regenerntioh Equlpt. 

Science Equ ipen t  & sp~E6 

Fe rs onnel A c  cammoda t ions 

Adapter & N o s e  Fair ing 

Propulsion Systea 

131,420 lb . 
(50,030) 

(33,990) 
(47,400) 

3,400 

2,500 

34,060 

20,910 

FORM 402D 



. .  
i’ 

0 

I 

1 
I 

I 
L O C K ’ H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO 7-7353 4 

I ._ , PAGE NO. 63 

TABLE 19 
SYSTEM DESCRIFTIO~MANNED SPACE STATIOM 

R4W;LSTIC LOCISTICS VZfIICIE 

Reentry Module ’ - 
Structure 

External - Shell, Stringers, Etc. 

In te rna l  - Couches, Shock Atten. ,  Etc. 
Insulation t 

Heat Shield 
Environmental Control System 

C02 & Odor Removal S y s t e m  

Food, Water 02, If2, Etc. 
Containers , H e a t  Exchngers ,Etc. 
Controls 

Pover Supply 

Fuel Cells 
Tanks, Heat BxehaWers , Etc. 
Cont rob  eC Distribution System 

Reactants - 
Backup Battery 

O2’ H2 

Innding Sys ten 

Parachute 

Retro Rockets 

Controls 
Reaction Control System 

Engines, T?nlrs, Controls, Etc. 
Frogellants, Etc. 

Communication System 4 

NRvimtion & Guidance 
Controls & D i s p l a y  Instr. 
Crew & Suits 
Retro Propulsion System (Sol id)  

Snorkel & Flotat ion System 
Micc. & Syst. Integ. Umbilicals, Etc. 

E.C.So Bock Pack6 

770 
1,290 

1,280 

880 

1,620 

260 

380 
140 

2,460 

1,500 

50 
110 
180 

FORM 402D I 
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I 
I 
I 

i 
i 

S Y S ~  DESCRIPTIOH/"ED SPACE STATION 

Cargo Module 

S t rue t w e  

Propuloion Sp tem 

EnGine 
Propellant Tanks 

Pressurization System 

C on t r  01s 
Plumbing 
Prnpe lhn t s  

Reaction Control System 

Engines, Tanla 
Propel lants ,  Etc  . 

Controls  , Etc . 
Environmental Cont. Syst. 

Tanks, Heat Ekch'n'g'r,  Etc. 
Coolant 

J e t t i s o n  Rocket 

270 

180 

System Integrat ion Umbilicals, Etc .  

Launch Escape SyGten (Actual) 

b 

9,500 

I 

FORM 4020 I t 
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6.1 (Cont'd) 

Mission Four - %nned Mars hndinp; and Return 

The Manned Mars mission is a six-man s c i e n t i f i c  expedition involving a ten-day 

stopover on the p lane t ' s  aurface. 
of a Mars o rb i t  rendezvous technique. 

Excursion Module (MEM) i s  separated frm the main spacecraft .  

* 
The single-vehicle mission is car r ied  out by use 

T h a t  is ,  on a r r i v a l  i n  Mars orbit a b r s  

The MEM then de- 

o rb i t s  and land5 while the s p x e c r a f t  continues t o  c i r c l e  the planet. 

use6 atmospheric braking for  the descent phase with t e m i n a l  deceleration being 

provided by parachute. 

s t ay  the MEM ascends t o  orb i t  Zmrendezvous with the orbit3ng 8pacecraF.i. 
crew t ransfer  the spacecraft departs for ear th  where abospher ic  entry and descent 

a r e  coiiducted as i n  the Apollo program. 

Tne vehicle system defined f o r  t h i s  mission w i l l  be assembled and checked oclt 

i n  low ear th  o rb i t  . 
cmponents and propellants i n  o rb i t  f o r  each f l i g h t .  

The lander 

Four of the six-mn crew are  landed. After a ten-day 

After 

e 

F i v e  Nova class vehicles w i l l  be used t o  place the required 

The spacecraft  consists of :  

(1) A Propulsion Module; (2) A MEM; (3) A living campartment; (4) A service 
Module; and ( 5 )  A separate Camand Module f o r  ear th  atmospheric entry. - 

A f a s t  nuclear reactor provides interplanetary propulsive power; three propulsion 

systems, each of 150,000 pwmds thrust ore used f o r  earth departure. Only one of 
these unit5 1s retained a f t e r  departura~ 

u n i t s  which use earth-storable propellants. 

vehicle required f o r  a 357 day -'missLon 

During the interplanetary t r i p  the spacecraft  is rotated t o  provide approximtely 

0.4 ear th  g's .  

total losses of 2.0 pounds per man day. 

i s  maintained a t  10 psia and the compartment is eo_ui?ped with a storm cellar of 

300 cubic feet fai! y r o t e d i a n  frm radar flaHs, 
a,: - 

The ve loc i t ies  required f o r  the Mars mission are show1 i n  Table 24 
a r e  given for each of three different  t r i p  times. 

which a r e  presented i n  s,ection 7 

The MEM employs l iqu id  chemical propulsio 

A more detai led description of the 

+s provided i n  Tables 21 through 23 . 
A regenerative l i f e  support system is assumed which r e su l t s  i n  

The l i v ing  conpartment atnospheric presLur 

?\ * 

' 

. Velocities 
Ttle results of the evaluation 

of t h i s  report  are f o r  a 3j7 daj A s s i o n . .  &r 

i n  t he  appendix of tXs report .  
30 days is required t o  can.slcte tile 453 di;- t r i p .  

It should be noted tht a stay tir2e a t  &rs or  

h 

! 
! 
I 

i 



a 

L , O C K H E E D  C A L I F O R N I A  C O M P A N Y  
I A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REPORT NO. L9 17358 REVISIONS 

67 -4 PAGE NO. 

The veloci ty  requirements f o r  t h i o  mission and f o r  the Venus mission, described 

i n  section 6.4, were obtained by modification of the data from Reference 

The procedure used to xodiQ t h e  data is oatlined in the appendix. 
I .  

I 
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TABLE 21 

SYSTEM DEXRIFTIQN/MA”ED MARS W ~ G  

C%”ll MOlXJlX - 6 MAN 

Structure  

Ablation Material 
Insulat ion 

Water 

Water Tankage & P l u b i n g  

Ilavigition & Guidance Equi,went 

Cmunica t ions ,  Instruments & Displays 

-%wer Sugply & Distr ibut ion 

iittitu’de Control System 

Environmental Control 

Ear th  landing System 

Sc ien t i f i c  Equipment 

Mars Sample 

C r e w  Furnishings 

Crew ( 6 )  

Struc ture  

%wer Supply 6 KW Nuclear 
Ele  etronics  

12,500 lb. 
i 

16 , 500 

Att i tude  Control System - Thnt s t e r6 ,E tC .  600 
Xttitude” Control- Propellant 1,200 

Food 7,100 
5 0  Ielosed systems 400 

O2 300 

N2 600 
Flu id  Storage 80 Regeneration Equ i sen t  1,100 

Ta2ern tu re  80 H u i d i t y  Control 1,000 
209 C o n t a i n a t  i on  Coat ro l  

- - - -  - . ---- -___ - - - . ___ _. - -- 
FCRM 402D 
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TABlX 21 (Cmt 'd )  

SYSTEM DESCRIPTION/&QINED wms ~(IDING 
STOm CELLAR & JiIVRJG QUARTERS 

50 Proton Shielding 

Structure  
Crew Furnishings, Rec . Equipment, 

Environmental Equipment 
Intercom. 80 Misc. Equip. 

Sleeping Area 

TEf;ESCOIR21G - SPOI(ES ( 2 )  

Length = E ' ,  D i a .  = 4' 

26,000 lb. 
20,000 lb. 
4,m 

1,200 
600 
200 

4,090 

. 
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TABU3 22 

SYSTEM DESCRIPPION/MA”EI, MARS IANDWG 

M A E  EXCURSION Mom 
Descent Stage 

Structure  

Iandiqg Gear 

h r a c h u t e  S-p t a n  
Drag Device - Deployed During 

H e a t  Protection 

Environmental Control System 

Atmospheric Entry 

Food ( u o )  
Water ( 390) 
92 ( 1.80) 
M2 ( 40) 
Tankage, Plumbing, Storage ( 2 j O )  

Odor, 8a C02 Removal ( 170) 

Radiators, &ps, Etc. ( 160) 
Power Supply - Fuel C e l l o  (3m) 
C o m i c a t i o n e  80 Instnunentation 

Sc ien t i f i c  Equipnent 

&cent Stage 

Structure - C r e w  Compartment 

P0i-w Supply 80 Distribution 
Electronics 
Propulcion 

Engine(T = 25K lb) ( 600) 
( 780) Tank8 80 Sup’t.5. 

Structure  ( sOO> 
-Plumbing & Controls (120) 

Environmental Control, Food, 
Water 

1,860 lb. 
1,509 
4,000 

1,020 

1,000 

1,220 

1,300 
800 

2,000 

1,330 
500 
700 

2,300 

450 

15,300 lb .  

34,800 
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TABLF: 22 (Cont'd) 

- SYSTEM DESCRIPIXQN,/MA"ED ~ R S  WING 
- 1  

Ascent Stage ( C o n t  ' d) 

Atti tude Control System 
(Zicl. 600 lb. Propellant)  1,100 lb. 

Mars Soil Sample (Return Trip) (40 1 

Crew fiovisions 580 
Propellant - N204/Aerozine 27,040 

Crew (4) 800 

. 



L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

- - A  REVISIONS REPORT NO. L7 l?3T8 ! 
_ _  72 PAGE NO. 

TABLE 23 

SYSTEM D E S C R I I T I O N , " E D  MARS W I N G  

PROPrmiIoN m m  (357 day t r i p )  

Reactor Core & Reflector (3 x 1300) 
Shield ffiimary), Pressure Vessel 80 Plumbing 

( 3  x 640) 
Nozzle (3 x $000) 

Pumps 8a Turbines (3 x 310) 
Controls & WSC. (1680) 
Valves ( 9 9 )  
Shadow Shield (3 1350) 
support Structure (150a) 
Propellants 
Propellant Tanks 
Attitude Control 

NCTPE: 1, Core Povcr = 3000 Mtl. 

2. 

3. Operating Temperature = 5000% 

Engine Tmmt = $0 x 3OCQ = 150,030 LB. 

L 

5 .  Nozzle &pansion Ratio = 100/1 

8 

1,731,900 Yo 

3,900 lb. 

1,950 

15,000 

93 0 

1,680 

930 
4,050 
1, $09 

1,466,540 

229,000 

6,360 

, 
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6.1 (Cont'd) 

Mission Five - Unaanned Sample Return From Venus 

For the  purpose of t h i s  evaluation the  Venus mission was assumed t o  e n t a i l  only 

those engineering finctiona e s sen t i a l  t o  the  acquis i t ion  and re turn  of a one-pmnd 

sample. 
p l ane t ' s  surface was not cbmidered s ince it was assumed that information acquired 

frm previous s c i e n t i f i c  probes was su f f i c i en t  t o  support this more axbitious 

venture 

The possibility of making s c i e n t i f i c  measurements enroute o r  on the  

The mission evaluation was based on the  use of an unmanned Venus orb i t  rendezvous 

tmhaique.. 
(VEM), i s  separated from the main vehicle f o r  &scent t o  the p lane t ' s  surface. 

Toe VEM deorbits and uses atmospheric braking f o r  descent; teminal decelerrition i 

On arrival i n  Venus o r b i t ,  an unmanned Venus BKcursion Module, 

provided by pmcciiute, . enabling a s o f t  l andlw.  Af te r  snmple acquifiition, the 

l i f t o f f  atage of the  VEM provides propulsive parer f o r  launch and f o r  rendezvous 

with the  orb i t ing  vehicle. 

mospheric entry and earth-surface r e t r i e v a l  of the sample. 
of t e n  days was allo-ded i n  the  v i c i n i t y  of the planet because of the extremely 

accurate t racking requirements and coaplex guidance maneuvers needed t o  e f f e c t  

The ear th-return f l i g h t  is terminated by d i r ec t  a t -  

A t o t a l  stay-tlme 

e f f i c i en t  Beorbit and subsequent rendezvous of the  W. 

A brief descr ipt ion of the  vehicle oystem postulated f o r  the  Venus mission appears 

i n  Tables 25 through 28 
interplanetary t r ans fe r  i n  both the ocltboard and inbound legs of the Journey. 

Only one engine i s  provided i n  the module, requir ing tbat the  un i t  be th ro t t l eab le  

A f a s t  nuclear reactor  propulsion nodule i s  used f o r  

for  e a r t h  return. 
Module and Instrumentation Unit. 

VEM. 
modules i n t o  ea r th  o r b i t  will be accomplished by two Nova cla& vehicles.  An ea r th  

o r b i t  space s t a t i o n  will be required In support of assembly and launch operations. 

The. ve loc i ty  requirements f o r  tile mission a r e  shown i n  Table 29 . Data are 6:iven 

f o r  t r i p  times of 460, 420 and 332 days. 

Other un i t s  caapri6ing the  vehicle system a r e  the Venus &cursia=/ 

The e a r t h  re turn spacecraft is  a sub-unit of the 
I 

I 
i 

The Venus vehicle is  as~emkled i n  ear th  orbi t .  hunching the  required 

1 
i 

I n  order t o  cnmplete the  460 day mission a/ 
! 
I 

1 

I 

I 

stay-time of 20 days would be required i n  the v i c i n i t y  of the  planet. These 

ve loc i ty  data were obtained i n  t h e  same mrmer at3 thone ?resented i n  sect ion 6.1.3 
f o r  the  Mars mission. 

,P' I ' FORM 4 0 2 0  
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TABU 25 

SYSTEM nEscRr€TIoN sAMPm RETURI? FROM VENUS 

VEWS EXCURSION MQaziIE 

&tro Stage 

Structure & Insulat ion 

Engine - 40. K 
Plumbing, Hydraulic & Rieumtic 

Navigation & Guidance 

Power Supply - Battery, Inverter, 

Propellant - Xi204/Aerozine 50 

Wfrinz, Etc. 

I a n d i n ~  Stace 

Structure  - Device For Increasing 

Structure - Ianding Gear 

Frontal  Area (including Heat Shield) 

Para chut e6 

Sampler 
4 

bunch Vehicle 

1st Stage 

Structure  & InsuUt ion  

Engine ( 6 )  200 K 
Plumbing, Hydraulic & Pneumatic Systems 203 

Guidance & Control 200 

300 
82,490 

2,503 1b . 

Pmer Supply - Batteries,  Wiring, Etc. 
Propenant  - N ~ O ~ / A  -5 0 

2nd Stage 

Structure  86 Insulat ion 

Engine - 40 K 800 

Plumbing 159 
150 Power Supply & Distr ibut ion 

Guidance & Control 2.m 
PropelLziit - Iy 0 A-50 31, $70 __ - - - .  -~ 2 4 

, FORM 402D 

1,3001b 

800 
100 
200 

150 
17,650 

13,600 lb. 

5,400 
8,080 
I20 

4,800 ib . 
2, 

183,200 lb. 

20,200 lb 

27,2a 

90,790 

35, i70 

--- 

- .  
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TABLF: 25 (Cont'd) 

SYSTEM DESCRTpTION/ScIMpIEI RETURN FROM VENUS 

3rd Stage - Used For Rendezvous 7,830 lb. 
Structures 80 Insulation 400 lb. 
Engine (s )  - 5K (Tlwottlable) 

Plunbing 50 
?mrer Supply - Batteries & Wiring 300 

1, OOo 

I20 

Mavigation & Guidance Equipnent 

Propellant - N * O ~ / A - ~ O  5,960 

S PACECRAZD 1, n o  
smm- s m m  80 I#mm 303 

e 

I 



J 

' SPACEWm(At start Of Transearth phase) 

Midcourse Correction Stage 

Structure  & ?lunbing 

Engine (T = 200 lb) 
Propellant - Storable 

~ ~ - I _ _ _ ~ ~  ___ - 
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SYSTEM DESCRIITION/SAMPLE mapi VEESUS 

26 lb. 

10 
I24 

1,110 lb. 

160 lb. 

Retro StaGe 

Case BC Rozzle 
Propellant 

Re-Entry Module 

Structure  

150 

45 
105 

150 

50 Sample Container & Retrieval Meclzanism 

Power Supply - Solor Panels & Batter ies  100 

Navigation & Guidance 200 

Cmunica t ion  102, 

Reent ry  System - H e a t  Shield 80 
- Birachutec & rcipact 50 

Reaction Control Syst. ( i n c l .  30 lb Prop.) 50 

Attenuation 

FORM 402D 

800 
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TABLE 27 

S t  m c t u r e  . 1,500 lb. 
490 Environmental Control System 

Navigation & Guidance Equipment 800 

400 C m u n i c a t i o n c  Equip. 

Power Supply - Conversion Equip., 400 
q tc .  

3,500 lb. 
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 TAB^ 28 

1,620 lb. 

950 
6,300 

420 

560 
430 

1,920 
300 

585,000 
118,150 

-3,600 

I I 

W O W I e ?  (420 day t r i p )  

Reactor Core & Reflector 

Shield, Pressure Vessel & 

Nozzle 
 pump^ & Turbines 

Controls & Misc . 
Valves 
Shadow Shield 

Support Structure 

Propellants 
Propellant Tanks 

Att i tude Control 

Plumbing 

NCYITES: 1. Core Power = 40W. Megawatts 

2. Engine Thrust = 50 x 4000 = 200,000 LB 
(Thro t thb le  t o  100,OOO l o  with negligible loss i n  Isp) 

3. Owrating Ternperatwe = 5030'R 

4. = 300 Sec. 

5. Nozzle Expansion Ratio = 100/1 
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5.2 Development Plans 

Brief development plans and ident i f ica t ion  of long lead time developnent item 
w i l l  now be presented for Missions Tvro through Five. 

6.2.1 Manned Lunar Base 

A brief developent  plan f o r  the hnned  Lunar Base mission is presented in Figure1 

The acMevement of operational status by t h e  system candidate requires the  

development of t he  following long-lead-time items. 

1. Iunar Logistics Vehicle 

2. Modified Apollo Service Module 

3. Lunar Surface Roving Vehicles 
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6.2.2 Ear th  Orbi t ing Manned Space Stat ion 
, 

Figure 15 

missiaii.The long-lead-time developnent items are : 

1. Space Station 

2. Ballistic Logistic Vehicle 

shows a brief developaent and operational plan f o r  the  space station 

a. Cargo Module 
b. Reentry Module 

3. Auxiliary Pmer Unit, 40 Kw, f o r  the s ta t ion .  
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6.2.4 Unmanned Sample Return From Venus 

Figure 17 shows a b r i e f  development and operational plan f o r  t h e  Venus mission. 
The long-lead-time development items are : 

1. 

2. I J m  Class hunch  Vehicle 

3. 

Fact Nuclear Reactor Propulsion Unit - Throttleable 

Operational Earth Orbiting Space Sta t ion  

4. Venus Excursion Module 8 

a. Venus Entry System 
b. Parachutes & Landing Gear 

c. Propulsion System f o r  Venus launch 

5 .  Earth Return Spacecraft 

6.  Guidance 80 Navigation S p t e a  for Unmanned Rendezvous i n  Venus 
Orb it 

I 

FORM 4 0 2 0  
.) 



y. 

el I II 

i 
6 

... 

. 

9 
Y 

3 

3 

u 
\ 

3 5-  z 
J 

J 
1 
k 

0 
5 

0 '  



L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

REVISIONS REPORT NO. r7358 
I - ,  PAGE NO a 8 9  

7.0 

2ttent ion is invi ted  t:, Table 3 0 ,  showing a tabula t ion  of t h e  missions considered 

md the appropriate data f o r  calculating the  Mission Evaluation Cri ter ion.  

SUMMARY OF TRE MISSION EVAWATIOlVS 

! 



L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

- REPORT NO - m 17358 __ REVISIONS 
PAGE NO 9 c__ 



-__ - 

L O C K H E E D  C A L I F O R N I A  C O M P A N Y  
A D I V I S I O N  O F  L O C K H E E D  A I R C R A F T  C O R P O R A T I O N  

- m 17358 REVISIONS REPORT NO. __ 

PAGE d0 pr _. 

3 .O 

.. - 

1. 

2. 

3.  

4. 

5. 

6. 

F8SM JC2D 

s I 
Gedeon, G e m  S., "RoundTrip Trajector ies  t o  h r a  and Venus," Technical 
Memorandum K3.t 52-83, Northrop Space laborator ies  (May 1962). 

I " b u n c h  Vehicle Size and Cost Analysis Study, Phase III, Part  I 
Cost A ~ ~ i l p i r j  , Volume II Ooet and System Evaluation, " 8659-6056-~~-000, 

No. IUS 8-2599 (December 1962). 
Space Technology Iaboratories Inc., f o r  I W A ,  MSFC, Contract ~ 

, , 

"Summary Report Early Manned Interplanetary Miscim Study, Volume I," 
Lockheed Missiles and Space Co., f o r  mAsA, MSFC, Contract No. NAS 8-5024 
(March 1963). 

S t ra ly ,  W. H. and Voss, R. G., "Basic Requirements f o r  the  Explorat im 
of Jupi!ter and i t s  Moons," R e p ~ r t  DSP-TR-1-60 Army B a l l i s t i c  Missile 
Agency, Redstone Arsenal (March 1960). 

"Rel iab i l i ty  Assessment of the  Mariner Spacecraft, " E%C R 293, Planning 
Research Corporation, f o r  Je t  Propulsioii I abxa to ry ,  Cmtrac t  Na. BTJ3-2l3'13l 
(December 1962). 

l 

I 

V. C. Clarke; "A Sunrnary of the  Character is t ics  of B a l l i s t i c  In te r -  
planetary Trajectories",  1962-1977; JPL TR 32-209; January 15, 1962. 

I 


